The last one hundred years has seen a great deal of research on hookworm disease (Ankylostomiasis). But the literature is still characterized by a lack of consensus regarding the etiology of the disease and its patterns of transmission. Parasitologists still seem to disagree as to the perceived benefits of sanitation and footwear in reducing the incidence of infection. The relationship between urbanization and the decreasing incidence of infection, or alternatively the role of plantation work and human-manure-farming in the spread of hookworm disease, are still poorly understood or inadequately appreciated. This article proposes that behind most hookworm epidemics that have emerged in human history in the last one-hundred-to-two-hundred years, the constant factor has been density of population, not the type of occupation or agricultural work as has been proposed by some parasitologists. With the exception of human-manure-farming induced hookworm disease in China, which possibly dates back to ancient times and is transmitted by the use of human manure as a fertilizer, the outbreaks of hookworm disease that were documented in the mines of Europe and North America, the plantations of India and the Caribbean, and indigenous settlements in Australia at the turn of the twentieth century were due to changes promoted by capitalism and the concentration of larger numbers of people in confined areas that lacked appropriate sanitation. But as the article also shows, the decreasing incidence of hookworm infection in parts of the world where the disease was once rife seems to be related to increasing levels of urban development in these societies. Key words: hookworm disease, defecation habits, population density, capitalist development, epidemics.
Introduction
Archaeo-parasitological studies show that hookworms have infected humans for thousands of years (Gonçalves et al. 2003) . But most of the major outbreaks of the disease were documented at the turn of the twentieth century. After its initial discovery in the second half of the nineteenth century, parasitologists went about documenting the geographical spread of the disease and devised a number of methods to determine its patterns of transmission and the severity of infection. Confined for the most part to tropical and subtropical climates, parasitologists were able to document a number of hookworm epidemics in range of localities including former British tropical colonies, Europe and North America, as well as China and indigenous settlements in Australia. With the exception of China's well-documented cases of human-manure-farming induced hookworm disease, which is transmitted by the use of human manure as a fertilizer, the outbreaks of hookworm disease that were documented in the mines of Europe and North America, the plantations of India and the Caribbean, and indigenous settlements in Australia at this time were considered to be the result of soil pollution and inadequate sanitation. Having established these two basic modes of transmission, and the symbiotic relationship between Ancylostoma duodenale and Necator americanus and their human hosts, both of which require faeces to propagate and are the only known hookworm species to infect human beings, parasitologists suggested that certain occupations seemed to promote ideal conditions for the spread of the disease.
The cogency of these insights remains poorly understood or has gone unquestioned in subsequent studies of hookworm disease by parasitologists. Fleeting references are occasionally made to Asa Chandler's (1929) classic study of hookworm disease, or the postulated relationship between the spread of the disease and plantation agriculture. However, more recent studies have added little to our knowledge of the epidemiology of hookworm disease and demonstrate a lack of familiarity with the older literature and in some cases go back over well-trodden ground. What I propose to do in this article is to review the older literature on hookworm disease and compare it to more recent parasitological studies in order to clarify the role that certain occupations are said to play in the spread of the disease and its relationship to economic development. In contrast to the conventional wisdom, I argue that the major outbreaks of hookworm disease that were documented at the turn of the twentieth century (but not China's cases of human-manure-farming induced hookworm disease) were a result of changes promoted by capitalism and concentrations of larger numbers of people in confined areas lacking appropriate sanitation, rather than any specific occupations. To brief ruminations on the connection between defecation habits and hookworm disease in The ecology of human disease points to the obvious benefits of the culture concept to the study of infectious diseases. Yet well before May, Chandler wrote what is still the most comprehensive study of hookworm epidemiology and pathology in the literature, and offers an even more insightful review of the relationship between defecation habits and the spread of hookworm disease in Hookworm disease : its distribution, biology, epidemiology, pathology, diagnosis, treatment and control (1929) . Of particular interest are the inferences Chandler is able to make with respect to how age, gender, and cultural background, can determine exposure to hookworm infection based on his observations of people's defecation habits in India. As his observations illustrate, people who defecate in the open do not do so indiscriminately or promiscuously as is often claimed in the hookworm literature, but usually seek some form of privacy, especially if they are adults; whereas it is small children who are less self-conscious about where they defecate and do so "indiscriminately" and "promiscuously". As we shall see, this insight has important consequences for understanding the epidemiology of hookworm disease, because the tendency of adults to seek out well-known or convenient defecation sites in part for the privacy they offer further compounds infection rates.
Besides parasitologists and archaeo-parasitologists, historians have arguably done the most extensive research on hookworm disease. For their part, historians have focused on researching various outbreaks of hookworm disease around the world -particularly the early twentieth century hookworm control campaigns funded by the Rockefeller Foundation in tropical British colonies with plantation sectors (Hewa 1994; Pemberton 2003; Palmer 2009 Palmer , 2010 . But it is here that we encounter the limitations of contextualist approaches that seem less interested in trying to advance our knowledge of the epidemiology of hookworm disease, and more preoccupied with criticizing ruling elites for failing to improve the lives of those suffering from the disease. I am not suggesting there is no room for this sort of critique; however, it seems misguided only to condemn colonial officials and plantation owners for failing to prevent the spread of hookworm disease because they did not do enough to improve sanitary conditions in these British colonies, when providing latrines does not always lead to an immediate reduction in infection rates, and if we also consider the logistical difficulties involved in promoting these sorts of changes in agrarian societies at the turn of the twenteith century. Historians such as Soma Hewa (1994) and Rita Pemberton (2003) over-speculate on the motivations of colonial officials and plantation owners rather than adequately describe what working and living conditions were like in these British colonies at the time. Had they done so, they would have discovered in former British colonial plantation societies such as Sri Lanka and Mauritius, sanitary conditions in villages and plantations were quite similar (Couacaud 2011; cf. Philips 1955 ). Thus, one cannot level the blame for the spread of hookworm disease solely on the inaction of plantation owners and colonial officials.
While one may criticize historians for failing to pursue these lines of inquiry, many parasitological studies seem unnecessarily restrictive in scope and could benefit from adopting a historical approach to the study of the epidemiology of hookworm disease. For example, in Hookworm disease: current status and new directions, several contributors who wrote on the status of hookworm infection in Latin America and the Caribbean (Naquira 1990) and Australasia (Carroll and Walker 1990) fail to consider earlier studies carried out in these regions. In both regions, outbreaks of hookworm disease were documented among plantation labourers and indigenous peoples who were forced onto settlements at the beginning of the twentieth century. Comparing the earlier literature with the more recent studies cited by Naquira (1990) and Carroll and Walker (1990) would have allowed them to more adequately assess the extent to which infection rates have declined in these regions and for what reasons. The benefits of adopting a historical approach can be illustrated by comparing Sen-Hai and Wei-Xia's (1990) chapter on the status of hookworm infection in China, a country notorious for having high rates of infection from the use of human manure in farming, with a more recent article by Peter J. Hotez (2002) . According to Sen-Hai and Wei-Xia, the principal reason that hookworm infection rates declined in China between the 1950s and 1980s was due to government-backed control programmes. However, since the 1990s economic development has accelerated in China, particularly in the eastern coastal provinces and cities. As Hotez (2002 Hotez ( : 1036 cf. Fenghua et al. 1998) shows, this development has had a spill-over effect in rural provinces such as Jiangsu located next to the city of Shanghai, with infection rates halving in ten years.
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In Hotez's view, economic development has done more to reduce the incidence of hookworm disease than any one single factor, particularly in industrialized nations such as the United States and South Korea that once struggled with the disease. But it is important not to confuse this insight with Thomas McKeown's (1976) thesis that rising living standards, rather than advances in medical science, are the principal reason for the decline in communicable diseases. While preventive medical interventions of the sort initiated by the Rockefeller Foundation may not have eradicated the disease but certainly helped to contain it, it is not so much rising living standards but the improvements that we have come to associate with urban development such as regularly wearing shoes, living in houses with wooden or concrete flooring, and using toilets connected to waste disposal systems that have largely been responsible for reducing the incidence of hookworm infection. For Hotez the persistence of hookworm infection serves as a useful marker of poverty, leading him to question if "poverty creates conditions that are favourable for hookworm transmission ... or whether hookworm itself also contributes to low human economic productivity " (2002: 1037) . One could, however, just as easily argue that the eradication of hookworm disease can serve as a useful measure of urban development, as is reflected not only in its eradication from industrialized nations but in former British colonial plantation societies in the Caribbean and the Indian Ocean island of Mauritius, which is now classified as a middle income country and is no longer concerned about hookworm disease (cf. Couacaud 2011; Mohith et al. 2011) .
In any case, the questions that Hotez (2002 Hotez ( , 2008 has raised are the sorts of questions that other parasitologists might consider when investigating the epidemiology of hookworm disease rather than unduly focusing on isolated variables that do not provide us with a sufficiently clear picture of how infection is transmitted. Parasitologists usually focus on documenting the incidence and intensity of hookworm infection rates in their surveys, and proposing curative measures to reduce the sources of infection. In addition to proposing curative measures, they sometimes seek to determine how hookworm infection is transmitted amongst the communities or population groups that they study. This typically involves isolating a number of variables such as age, gender, socio-economic status, and the presence or absence of latrines, and determining if any correlations can be established between these variables and rates of hookworm infection in the community under study. It is this aspect that often leaves much to be desired, not only because many of these studies demonstrate a lack of familiarity with the older literature on hookworm disease and go back over well-trodden ground. But also because some of these studies fail to consider such simple things as the defecation habits of the study group, and employ a synchronic approach that it is not sufficiently mindful of the time passing on their results. These limitations are reflected in the continuing debate over whether sanitation and footwear can be shown to reduce hookworm infection rates (Chongsuvivatwong et al. 1996; Esrey et al. 1991; Olsen et al. 2001; Sorensen et al. 1994) , or if clay soil inhibits hookworm larvae development (Saathoff et al. 2005 ) -even though these issues seem to have been satisfactorily dealt with in the older literature by early research pioneers like Chandler (1929: 150-161, 193-211). 5 It is when we compare the various outbreaks of hookworm disease that were documented in different parts of the world at the turn of the twentieth century, and search for an underlying cause, that the benefits of an inter-disciplinary approach become clearer. Upon comparing the outbreaks of hookworm disease that were documented in the mines of Europe and North America, the plantations of India and the Caribbean, and indigenous settlements in Australia 6 -but not China's cases of human-manure-farming induced hookworm disease -what is striking about all of these epidemics is that they occurred at roughly the same time in different localities where large numbers of peoples came together as a result of changes wrought by capitalist ________________________________________________________________________________ 5 There seems to be little disagreement that clay and compact earth inhibit the development of hookworm larvae, while loose soil and sand (if they are sufficiently moist) are highly conducive to their propogation. The debate as to whether sanitation and footwear can be shown to reduce hookworm infection rates is more complicated, with one study (Olsen et al. 2001: 579) proposing differences between defecation habits in private and public domains may account for the varying results in these studies. But as Bradley et al. (1993:1 47) point out, one must wait a considerable period of time before the benefits of sanitation are fully realized, which to me suggests that studies that seek to quantify the relation between sanitation and hookworm infection rates must do a better job of assessing temporal change by measuring these variables both before and after sanitation or footwear have been introduced in the study groups. 6 I chose these examples because they are sufficiently representative of the different types of hookworm epidemics that emerged around the world at the turn of the twentieth century. The exception are the outbreaks of hookworm disease that were documented in indigenous settlements in Australia, which perhaps received less attention in the annual reports of the Rockefeller Foundation because they did not pose a direct threat to the economic interests of capitalists.
Vol.21, 2014 354 forms of development, and where sanitary conditions inevitably proved wanting. Hence in contrast to the more common explanation that soil pollution is the main cause of hookworm disease (Cort and Payne 1922a, 1922b; Chandler 1929) , or that hookworm disease is an "occupational disease" (Chandler 1929; Chang et al. 1949; Cort 1918; Cort et al. 1926; Smillie 1922; Sawyer 1924) and/or associated with certain types of agricultural work (Cort et al. 1923a (Cort et al. , 1923b (Cort et al. , 1923d Pawlowski et al. 1991) , what all of these different but related outbreaks of hookworm disease suggest is that economic development has an effect on the spread of infectious diseases. Such a 'political ecology of health' approach requires not only taking into account how the working and living conditions of the affected populations were transformed by capitalist forms of development but also the extent to which a sedentary lifestyle and greater population densities proved conducive to the spread of hookworm disease in the absence of adequate sanitation. Evolutionary anthropologists have been instrumental in drawing our attention to the importance of studying the relationship between population density and the spread of infectious diseases. In an article summarizing some of the most important developments in this field, Armelagos and Dewey (1970) pointed out that it is with the transition from a mobile hunter-gathering to a sedentary agricultural lifestyle that infectious diseases began to pose more of a direct threat to human populations. For most of human history, humans lived in small bands following a hunter-gathering lifestyle, and it is only relatively recently and with the advent of agriculture that people settled in larger numbers in confined areas exposing them to greater risk of contact with infectious diseases. A related problem that became particularly acute with industrialization and population increases in cities was how to dispose of human waste, which often finds it way into the water supply and causes severe health problems, as reflected in the cholera epidemics of the nineteenth and twentieth centuries. Although hookworm disease primarily occurs in rural settings, 7 a comparison of the various outbreaks that were documented at the turn of the twentieth century shows that concentrations of larger numbers of people in confined areas and difficulties in disposing of human waste were also the principal causes of these epidemics. And, in most cases, these epidemics were the result of capitalist development such as industrial mining and plantation agriculture, which promoted changes that proved conducive to the spread of hookworm disease, due to the demand for cheap and plentiful supplies of labour and the failure to meet the sanitary requirements of these populations. However, when comparing indigenous settlements in Australia, it is important to bear in mind that while these settlements were not explicitly established with the purpose of transforming the indigenous population from hunter-gatherers into a sedentary workforce, the epidemiological effect was the same because they were forced into confined areas that lacked appropriate methods to prevent the outbreak of the disease.
In the remainder of the article, I review the major outbreaks of hookworm disease that were documented at the turn of the twentieth century in order to demonstrate that these epidemics were the result of changes promoted by capitalism. Before I proceed to do this, however, I begin by discussing China's experience with cases of human-manure-farming induced hookworm disease to determine what distinguishes it from the outbreaks that occurred in other parts of the world at the turn of the twentieth century. It is widely thought that China has been grappling with hookworm disease for many centuries, or as long as human manure has been used as a fertilizer, whereas it is my argument that the outbreaks of hookworm disease that were documented in other parts of the world at the turn of the century were a result of changes promoted by capitalism and the concentration of larger numbers of people in confined areas lacking appropriate sanitation. After this, I describe in more detail the outbreaks of hookworm disease that were documented at the turn of the twentieth century in the mines of Europe and North America, the plantations of India and the Caribbean, and indigenous settlements in Australia. Drawing upon the available literature, I show that in each case these outbreaks resulted from changes promoted by capitalism and the concentration of larger numbers of people in confined areas and the failure to meet the sanitary needs of these populations. However, I should also add that what Australia's indigenous settlements demonstrate is that while capitalism has helped to spread hookworm disease, the disease can spread without capitalist development so long as the population is dense enough and sanitary conditions unsatifactory.
________________________________________________________________________________
7 While some studies do point to cases of hookworm infection in periurban and slum housing areas (Brooker et al. 2006; Desowitz et al. 1961; Ngonjo et al. 2012) , the infection rates appear to be less significant than in rural areas and is probably related to the absence of sufficiently loose soil and the other kind of environmental conditions hookworm larvae typically require to propagate.
Human-manure-farming in China
The primary difference between China's experience with hookworm disease and the outbreaks that were documented in other parts of the world at the turn of the twentieth century is that China has seemingly been grappling with this problem for many centuries, whereas it is most probably a recent development in the other regions of the globe. As a number of studies have demonstrated Cort et al. 1926; Tang 1949) , hookworm disease in China is typically associated with the use of human manure as a fertilizer in agricultural cultivation and it is widely thought that this is a centuries old tradition (cf. King 1911) . Cort et al. (1926) were the first parasitologists to conclusively establish a link between the use of human manure in agricultural cultivation and the spread of hookworm disease in China, proposing that seri-culture (or the cultivation of mulberry trees (Morus spp.) accounted for its prevalence in central and southern China and that the climate was too cold in northern China for the disease to spread. However, Chang et al. (1949) subsequently showed that the prevalence of the disease in the southwestern province of Sichuan was not related to the cultivation of mulberry trees but depended upon the "method of cultivation" or how frequently human manure was applied to agricultural crops and at what times of the year.
These findings were echoed in another study conducted shortly afterwards in the southeastern province of Fujian by Tang (1949) , which also demonstrated that the cultivation of sweet potatoes (Ipomoea batatas) was the most important means of the transmission in this province. Chang et al.' s Hookworm disease in Szechwan Province, West China provides a useful overview. Their surveys demonstrates that the intercropping of corn and sweet potato, rather than cultivation of mulberry trees, was instrumental in the spread of hookworm disease in Sichuan due to a number of factors that included more regular application of human manure -and at the beginning of the growing season when rain was more plentiful and infective larvae were present in larger numbers.
8 Sichaun apparently enjoys favourable conditions for the propogation of hookworms and the authors documented a "rather high incidence ... [but] moderately low degree of hookworm infection" among mulberry trees farmers -whereas among corn and sweet potato farmers both the incidence and intensity of infection were much higher (Chang et al. 1949: 30) . According to Chang et al., these conditions conspired to produce hookworm infection rates in Sichuan's farming districts that were frequently over 90%, while the intensity of infection was also very high with many adults registering egg counts over 3,000 per gram. Chang et al. documented numerous cases of patients suffering from clinical signs of hookworm disease, as reflected in both low haemoglobin levels and the pervasiveness of anemia, which they suggest was exacerbated by poor nutrition and lack of protein in the typical Chinese farmer 's diet (1949: 17) . 9 Cases of ground itch were also in evidence and became particularly noticeable after sweet potato vines were transplanted from nursery beds to the fields at the beginning of the growing season during times of high rainfall. Finally, Chang et al. (1949: 17, 114) point out that in comparison to other parts of the world where hookworm infection is normally transmitted by soil pollution and lack of footwear, for humanmanure-farmers infection is transmitted via contact with both feet and hands because of the manuring methods Chinese farmers use.
Upon comparing the results of Chang et al.' s surveys with more recent surveys of hookworm infection in China, it is surprising how widespread the problem still is in many parts of the country. A national survey of helminth infections in China conducted between [1988] [1989] [1990] [1991] [1992] showed that approximately 17 per cent of the population, or 194 million people, were infected by hookworm, a majority of whom were concentrated in China's rural provinces where the use of human manure is still common (Long-Qi et al. 1995) . In a follow-up survey conducted in 1997 in Sichuan province, Changhua et al. (1999) determined that in some farming districts hookworm infection rates had not substantially decreased since Chang et al.'s surveys fifty years ago, and that intensity rates had even increased. The survey compared two different farming districts in Sichuan and discovered the main source of hookworm infection in one of the farming districts was related to the cultivation of corn and sweet potato and the continuing use of human manure to fertilize agricultural crops. Changhua et al. (1999: 248) also discovered that the prevalence of hookworm infection in these Sichuan farming districts increased with age, suggesting to them that the higher incidence of infection among ________________________________________________________________________________ 8 Chang et al. (1949: 83-85) concur, however, with Cort et al.' s finding that rice cultivation did not promote the spread of hookworm infection because hookworm larvae are unable to survive in deep or standing pools of water.
9 Chang et al. (1949: 20-21) point out that even those indivudals who had readings of less than 3,000 eggs per gram also suffered from clinical signs of the disease that they linked to poor diet and nutrition.
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Vol.21, 2014 356 the elderly may point to changing demographic patterns in rural China as young immigrants move to urban areas in search of work while the elderly remain in agriculture. Hotez, one of the contributors to the study by Changua et al. (1999) , has concluded from these findings that China faces the prospect of an ageing rural population more suspectible to hookworm infection than any other section of the population and that control programs may need to more aggressively target this group in the future (Hotez 2002 (Hotez : 1034 (Hotez -1035 . It is in the same article that Hotez claims that economic development has done more to reduce the incidence of hookworm infection than any single factor and also queries its relationship to poverty in China. The basis of Hotez's claims derive from a correlation he established between hookworm infection rates in China and per capita GDP figures for the nation's different provinces. According to these figures, China's wealthiest provinces have the lowest infection rates, while China's poorest provinces "have the highest rates of hookworm" (Hotez 2002 (Hotez : 1037 . However, as I alluded to earlier, it is important not to confuse this insight with Thomas McKweon's (1976) thesis that rising living standards, rather than advances in medical science, has been the principal cause of the decline in communicable diseases in the industrialized world. Hotez does not suggest there are parallels between his findings and the "McKweon thesis", 10 but my concern is that in arguing that the decreasing incidence of hookworm infection can be reduced to "economic development" writ large, Hotez (2002 Hotez ( : 1036 Hotez ( -1037 ) is diverting our attention from a more reliable method of measurement: levels of urban development. Urban and economic development are undoubtedly related, and in most cases are synoymous with each other, but economic development need not always translate into urban development. It is only with the latter that we are likely to see the eradication of the kind of conditions that make it impossible for this soil-dependent parasite to survive. As I show in the following sections, focusing on urban indices such as regularly wearing shoes, living in houses with wooden or concrete flooring and using toilets connected to waste disposal systems, offer a more reliable way of determining if hookworm infection will come to constitute a public health problem.
Related to this issue is the more vexing question of just how long the Chinese population has been suffering from hookworm disease. Chang et al. (1949: 2) , for example, claim that hookworm disease in China dates back to ancient times, but do not furnish any archaeological or archival evidence to substantiate this claim. This claim appears to be predicated on several assumptions: 1) Chinese civilization is an ancient one and owes much of its success to agriculture; 2) Seri-culture, or the cultivation of mulberry trees and the production of silk, has an equally long history in China where it first began; 3) It is widely thought that the use of human manure as an agricultural fertilizer is a centuries old tradition.
However, as Chang et al. (1949: 17) point out, the introduction of the sweet potato to China is of relatively recent origins and had been introduced to Sichuan not long before commencing their research.
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Hence if the spread of hookworm disease has been linked to the cultivation of sweet potatoes by Chang et al. (1949) in Sichaun, and by Tang (1949) in Fujian, it is possible that in these provinces hookworm disease only became a public health problem comparatively recently. This, in turn, may warrant a review of the terminology used by parasitologists to describe hookworm infection rates in some Chinese provinces in the first half of the twentieth century as "endemic" (Cort et al. 1926; Chang et al. 1949; Tang 1949) . The rationale for employing this terminology, and not describing high infection rates in the Chinese provinces that cultivated sweet potatoes as epidemics, is most probably related to another assumption, which is that rates of hookworm infection have remained consistently high in these provinces for an extended period of time. But if parasitologists are uncertain as to how long methods of agricultural cultivation linked to hookworm disease have been practiced, it may pay to investigate how old the intensive farming of sweet potato cultivation actually is in these provinces.
12
________________________________________________________________________________ 10 See Szreter (1988) for a compelling refutation of some of the most basic premises of the "McKweon thesis." 11 According to Thiesen (2006) the sweet-potato was most likely introduced to China from the Americas in the 1500s. 12 In determining what criteria to use to describe a disease outbreak as an epidemic, Green et al. (2002) point out that this requires quantifying the incidence of the disease, determining the location of the outbreak, and specifying a time-frame.
Industrial mining in Europe and North America
The foregoing discussion raises several issues that need to be borne in mind in distinguishing humanmanure-farming induced hookworm disease in China from the outbreaks that were documented in other parts of the world at the turn of the twentieth century. While there may be grounds for problematizing the claim that hookworm disease in China dates back to ancient times, it would appear that Chinese farmers have been suffering from the disease for a long period of time, particularly insofar as the cultivation of mulberry trees and the use of human manure to fertilize these trees is concerned. Whereas I have suggested that the outbreaks of hookworm disease documented in other parts of the world at the turn of the twentieth century are most probably a recent development, and are unlikely to have predated the expansion of capitalist forms of development associated with earlier stages of industrial intensification such as industrial mining and plantation agriculture.
The reason I say this is because, as I pointed out earlier, hookworm disease proliferates when the population is sufficiently large or dense enough for the disease to more easily spread and there are ensuing difficulties disposing of human waste, and we know that labor-intensive industries such as mining and plantation agriculture promoted these sorts of changes.
13 For instance, if we are to take the coal mining industry as an example, it did not become fully industrialized in Britain until the middle of the nineteenth century, and prior to its industrialization it was largely restricted to individuals or small teams working in shallow pits and narrow shafts (Mitchell 1984; cf. Hobsbawm 1968) .
14 Similarly, slave plantations in the Americas were predominantly family-owned enterprises that relied on comparatively small labour forces and did not undergone any significant form of industrial expansion until the middle of the nineteenth century (Schnakenbourg 1984; cf. Mintz 1956) . 15 Both industries also had problems disposing of human waste; but as we shall see, in industrial mining hookworm infection primarily affects underground workers when sanitation is inadequate and the climate conducive to the propogation of infective larvae, while in plantation agriculture exposure to hookworm infection is not restricted to working in the fields but also depends on the defecation habits of workers close to where they reside.
The construction of the St. Gotthard tunnel between 1879 and 1880 in the European Alps led to the first recorded outbreak of hookworm disease in Europe, and was quickly connected to other outbreaks in mines in continental Europe and the British Isles. Infection rates amongst miners (and brick workers) in Europe tended to vary depending on local conditions, 16 but it is from the Cornish tin mine of Dolcoath that some of the most detailed parasitological studies of hookworm disease have been made available. In a series of studies that was prompted by a British parliamentary inquiry into the state of Cornish mines, Boycott and Haldane (1903 , 1904 , 1909 established that "Dolcoath" or "miner's anemia" was not related to poor ventilation or bad air as had previously been thought, but hookworm disease. Based on surveys carried out between 1903 and 1904, the authors discovered that 94% of the workforce was infected, numerous miners had worryingly low haemoglobin levels, and severe skin eruptions described by the miners as the "bunches" were common. But in contrast to other cases of hookworm dermatitis (or "ground itch") that normally affect the feet of plantation workers, and both the feet and hands of human-manure-farmers, it was the buttocks, knees and forearms of the Dolcoath miners that were exposed to infection. The principal cause of the outbreak of hookworm disease in the Dolcoath mine was said to be soil pollution, as miners were accustomed ________________________________________________________________________________ 13 According to Chandler (1929: 182-186 ) the type of plantation crops best suited to the spread of hookworm disease include sugar, coffee, tea, cacao, banana and rubber. Other crops such as rice, jute, cotton and wheat are less suitable. This is because the former are planted in areas where there are higher rainfall levels and the climate more humid, and both the type of crops and soil promote retention of moisture suitable for the propagation of hookworm larvae. 14 For the coal industry, Eric Hobsbawm (1968: 116) states: "In 1850 there were rather more than 200,000 [miners] ... in Britain, around 1880 about half a million, and by 1914 well over 1.2 million, working in some three thousand mines, or almost as many as the entire agricultural population and the (male and female) textile workers." 15 If we restrict our analysis to the Caribbean, it is evident that there was a massive increase in the population of these societies as a result of the importation of indentured labourers to replace slaves over the course of the nineteenth century. This also happened to coincide with the industrial intensification of plantation agriculture in the Caribbean, and according to Christian Schnakenbourg's figures this amounted to the importation of 487,000 East Indians, 262,000 Africans, 159,000 Chinese, and 32,000 Portuguese (1984: 92) . 16 See the 1911 Rockefeller Foundation Report for an approximation of these figures.
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Vol.21, 2014 358 to using the tunnels as latrines due to lack of adequate underground santiation; but what made the problem worse were the damp and muddy conditions that the miners worked in, and the fact that they often worked topless and traipsed mud around on their boots which rubbed off on to ladders and other surfaces their skin came into contact with. It is also likely that the degree of soil infestation in the mine combined with the damp conditions contributed to the severe cases of the "bunches" that the Dolcoath miners complained about, and in turn explains why hookworm larvae were able to penetrate the damp clothes of the workers (Boycott and Haldane 1904: 104) .
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According to Boycott and Haldane there were no comparable outbreaks of hookworm disease in any other British mines at the time because these mines were not deep enough, or either too cool or too dry. But a study of hookworm infection rates among gold miners working in the deep mines of California by Cumming and White (1917) suggests that we need to take into account how other factors can increase exposure to infection. Their survey of the "Mother Lode" mines shows that infection levels varied from one mine to the next and depended on a number of factors. In addition to measuring how deep the mines were and their underground temperature, Cumming and White assessed how much water the mines produced, the sanitary condition and general state of cleanliness, and how many levels and miners worked underground. What their survey shows is that hookworm infection rates were highest in the gold mines that were warm and humid, produced more water and had a poor state of cleanliness, and had deeper shafts with more levels and miners working on them -thus serving to underline the relationship between hookworm infection and population density (cf. Cumming and White 1917: 20-21, 24-25, 33-34 ). Yet although soil pollution and poor sanitation were thought to be the principal causes of hookworm infection in the "Mother Lode" mines (cf. Nauss 1921), Cumming and White argue that water also helped to disseminate infective larvae and provided humid conditions that were ideal for their propagation. Upon comparing the tasks miners performed underground, the authors discovered that those miners working closest to the mine shafts (where much of the water drained) and had been working in the mine for longer periods of time, were more likely to be infected (Cumming and White 1917: 31-32) .
It is instructive to compare the surveys of hookworm infection in European and North American mines with similar surveys undertaken in Australia and China at the beginning of the twentieth century (Reed 1914; Sawyer 1924) . Spurred in part by these and similar studies that were initiated at the behest of the Rockefeller Foundation's efforts to eradicate hookworm disease throughout the world, the latter studies demonstrate in Australia and China the outbreak of hookworm infection in coal mines was also related to the industrial intensification of mining. Rates of hookworm infection rates in Australian and Chinese coal mines were also high and in some cases produced clinical signs of the disease, but not all of these mines had high rates of infection, and not all were infected. In a report based on research that came out of the Australian Hookworm Campaign, Sawyer (1924: 160-165) notes that only two coal mines in Australia had notable rates of hookworm infection, with only one of these mines producing what could be considered as clinical signs of hookworm disease amongst the workers. While in a more detailed study of a Chinese coal mine, Reed (1914: 147-153) determined that close to 100% of underground workers were infected and had high degrees of infection, which he ascribes to similar conditions described in Boycott and Haldane's surveys of Cornish tin miners (1903, 1904, 1909) and Cumming and White's survey of Californian gold miners (1917) . Invariably, all of the surveys concluded that improvements had to be made to sanitation and a more effective latrine system introduced to reduce exposure to hookworm infection amongst underground miners.
A study of a Chinese coal mine furnishes us with clear evidence of the reduction in hookworm infection rates affected by improvements to underground sanitation. Yang et al.'s (1985) study shows that from 1950 to 1980, hookworm infection rates declined from 60% to 20%, which the authors ascribe to improvements in underground sanitation and the wearing of appropriate footwear. Yet it is of interest to note that over the same period, rates of respiratory disease amongst Chinese coal miners in Huainan had not substantialy decreased. I raise this because it serves to underline why it is problematic to refer to hookworm disease amongst miners as an "occupational disease" (Cort 1918; Sawyer 1924) . As I see it, the main ________________________________________________________________________________ 17 See Boycott and Haldane (1904: 88-89 ) for a glass plate depicting a truly horrific example of hookworm dermatitis suffered by a Dolcoath miner and perhaps also underlining just how severe levels of soil infestation could get in industrial mines. difference between the former and the latter is that in the case of the respiratory diseases miners suffer from, they are contracted from working with materials injurious to human health which are largely unavoidable, whereas in the case of hookworm infection it is primarily a result of inadequate underground sanitation in mines. While the latter can easily be remedied and is not strictly related to the type of materials miners work with, 18 in the case of respiratory diseases the problem cannot easily be overcome and continues to be a major health problem in the mining industry (Ross and Murray 2004) . By contrast, and not unlike the respiratory diseases miners suffer from, the role of human-manure-farming in the spread of hookworm disease also seems to be related to working with materials difficult to avoid and injurious to human health. Even though the health risks are now widely recognized in China, farmers continue to use human manure to fertilize crops because chemical alternatives are too expensive or due to impracticalities involved in destroying hookworm larvae when faeces is stored as night-soil.
Plantation agriculture in India and the Caribbean
Industrial mining and plantation agriculture were each instrumental in the spread of hookworm disease at the turn of the twentieth century because they required a large labor force that was compelled to work in confined areas, and not enough was done to meet their sanitary needs. But we should not forget that miners and plantation laborers were differentially exposed to sources of hookworm infection and that this depended not only on the type of work they did but also the ecology of their environment. With respect to the outbreaks of hookworm disease that were documented in the mines of Europe and North America, for example, normally hookworms cannot survive in cold climates but they were able to thrive in certain types of mines because deep mines in particular produced ideal ecospheres for their propagation. In these circumstances, only the underground miners were exposed to sources of hookworm infection because the temperature was too cold at the surface and not humid enough and sanitary conditions in the mines were primitive. With respect to plantation agriculture on the other hand, while laborers can be exposed to sources of hookworm infection when they work in the fields, parasitological studies suggest that the main sources of infection usually lies closer to where they reside (Chandler 1929: 193-196; cf. Cort 1925: 60-69) . As I pointed out earlier, this is because they repeatedly visit the same areas to defecate out of a concern for both privacy and ease of access.
19 Thus in the case of plantation agriculture in regions such as India and the Caribbean, we must pay attention not only to the workplace but also the residential settlement patterns of laborers and their families, as this is just as likely to determine the degree to which they are exposed to hookworm infection.
The first studies I shall refer to are the series of surveys William Cort and his collaborators produced on hookworm infection rates amongst plantation laborers in the Caribbean. The authors discovered high infection rates amongst laborers working on sugar and coffee plantations in both Trinidad and Puerto Rico, pointing out that laborers complained of ground itch when working in parts of the fields where other laborers had defecated and adult males and females averaged egg counts between 2,000-8,000 per gram (Cort and Payne 1922a; Cort et al. 1923a Cort et al. , 1923c Cort et al. , 1923d . What is particularly interesting about these surveys is that the authors also sought to assess the degree of soil infestation to better determine how hookworm infection was transmitted utilizing the Baermann isolation apparatus to calculate how many infective larvae could be found in the samples of human faeces they collected. Although the authors concluded that coffee plantations produced more ideal conditions than sugar plantations for the propagation of infective larvae as a result of the amount of shade retaining moisture made available by coffee plants, what their surveys also underline is that ________________________________________________________________________________ 18 Here the same would apply to the claim that hookworm infection deriving from plantation work is as an occupational disease (Smillie 1922) . For his part, Chandler (1929: 174-179, 184, 194) rejects this claim by underlining that the sources of hookworm infection plantation laborers are exposed to are not restricted to working in the fields, but also stem from using areas surrounding their barracks as defecation sites. Chandler (1929: 180, 188) argues that only human-manurefarming can be regarded as an occupational disease, pointing out the principal source of infection stems from working in the fields and not soil pollution as farmers collect and use human manure rather than waste it. However, I think the distinctions I have made, that of working with materials injurious to human health and the extent to which they can or cannot be avoided, offer more parsimonious criteria for evaluation. 19 Chandler (1929: 191) suggests similar considerations would have determined where miners chose to defecate and that repeatedly visiting the same defecation sites in underground tunnels that lacked appropriate sanitation is likely to have increased suspectibility to hookworm infection.
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Vol.21, 2014 360 the level of soil infestation was often worse closer to people's homes on the edge of sugar and coffee plantations where laborers and their families were more likely to defecate. As Cort (1925: 60-61, 69 ) points out in the conclusion to this series of surveys, the likelihood that laborers are exposed to sources of hookworm infection closer to where they reside rather than where they work was due in large part to ease of access and repeated visits to "protected" defecation sites. This finding was brought out in one survey illustrating that female adults suffered from higher infection rates than adult males living in the same village despite the fact that they did not work as regularly as the adult males as plantation laborers (Cort et al. 1923c ).
Chandler's surveys of hookworm infection rates amongst tea plantation laborers in India agrees with most of Cort's findings for sugar and coffee plantation laborers in the Caribbean. However, what is important about Chandler's findings is his discovery that plantation laboring populations in the northeast provinces of India 20 not only had the highest rates of hookworm infection in the subcontinent, 21 but also that hookworm infection rates were worse among tea plantation laborers than in neighboring villages in the provinces of Assam and Bengal (1925, 1926b) . According to Chandler, because these tea plantation laborers lived in more "compact" settlements and had fewer defecation sites to choose from 22 and also sort a modicum of privacy when they defecated (cf. Chandler 1929: 193-196) , 23 this resulted in the concentration of soil pollution in the vicinity of their barracks and in parts of the fields where they worked leading to higher infection rates. For instance, Tukvar Tea Estate, which Chandler (1926b: 494-495 ) says was typical of tea plantations in the northern part of the Darjeeling district in Bengal, had a hookworm infection index of 429, while the nearby village of Kalimpong, which has a similar elevation and climate to Tukvar Tea Estate, had an infection index of 192. Upon breaking these figures down, Chandler indicates that the prevalence of infection was 90.5% and that laborers had an average egg count of 2,418 per gram, 24 adding that the tea plantation's cultivation methods which increased the moisture content and helped loosen the soil produced ideal conditions for the propagation of hookworm larvae. Apparently laborers disliked plucking tea on account of the ground itch they contracted when working in the fields, with women more likely to suffer from higher egg count averages than men, because it was their job to pick leaves from the bushes where laborers often defecated as a result of the cover the bushes afforded (Chandler 1926b: 500-501) .
Several consequences follow from these studies of outbreaks of hookworm disease amongst plantation laboring populations in India and the Caribbean at the turn of the twentieth century. Historians who have critically assessed the efforts of the Rockefeller Foundation to eradicate hookworm disease from British colonies with plantation sectors -though not the work of parasitologists such as Cort and Chandler, strangely enough -have accused colonial officials and plantation owners of failing to prevent the spread of the disease because they did not do enough to improve sanitary conditions (Hewa 1994; Pemberton 2003) . However, as Cort and Chandler point out in their surveys of plantation laboring populations in India and the Caribbean, the provision of latrines could not guarantee their use, as they quickly fell into disuse if the latrines were not regularly cleaned (cf. Cort and Payne 1922a: 121; Chandler 1926b: 502-503) . And as Cort and Chandler also underline, none of the laborers had used latrines before, suggesting it would take some time before they became familiar with their use (and we must bear in mind that footwear was not common in those days either). This brings me to another concern I have with the conclusions of historians such as Rita Pemberton and Soma Hewa, which is that in accusing colonial officials and planters of failing to prevent the spread of ________________________________________________________________________________ 20 This labor force was largely made up of migrants from other parts of India, particularly tribal peoples of Central India who were willing to work for lower wages than local populations (Bhowmik 2002: 139-143) . 21 Chandler's (1927) findings for plantation laborers in South India are inconclusive, but in a review of his work Patel (1954) indicates that they also suffered from the highest rates of infection in their region. 22 Chandler does not indicate how densely populated these settlements were. But he cites the example of a family who lived in more isolated surroundings and had more defecation sites to choose from and as a result had lower hookworm infection rates than their neighbours to illustrate the relation between population density and likelihood of exposure to infection in the tea plantations of Assam and Bengal (1929: 195-196) . 23 Chandler (1925 Chandler ( , 1926b ) also points out that infection rates are compounded by the fact that in repeatededly visiting the same defecation sites, laborers may stand on old stools that are not visible to the human eye following degradation but could still contain infective larvae. 24 According to Chandler (1926b: 495) hookworm infection rates on Tukvar and other Himalayan tea plantations "must have been considerably worse in times past", as a great deal had already been done to try to reduce the spread of the disease beginning in 1917 with the start of a hookworm campaign and mass treatments of plantation laborers.
Vol. Philips 1955; Couacaud 2011) , but in view of the findings by Cort and Chandler, it is more than likely that people residing in the villages -whom constituted a significant proportion of the population in these societies -would have used the edges of the plantations as defecation sites which is where it has been suggested the risk of exposure to hookworm infection was often greatest 25 and had an equally important part to play in the spread of the disease.
26
These oversights concern a more fundamental issue. It is easy, and perhaps comforting with the benefit of hindsight, to blame the ruling elites for failing to prevent the outbreak of hookworm disease amongst colonial plantation laboring populations. But this fails to appreciate that while providing latrines would have gone some way towards reducing the incidence of hookworm disease, it was the sudden and rapid increase in the population of these predominantly agrarian societies and the absence of adequate sanitation that was the ultimate cause of the hookworm epidemics that broke out in former British colonies 27 and other plantation societies in the Americas. 28 This issue has not only escaped the attention of most historians, but also seems to have eluded parasitologists such as Cort (Cort and Payne 1922a, 1922b) and Chandler (1929) , who have argued that soil pollution was the main cause of the spread of hookworm disease amongst plantation laboring populations. Although Chandler refers on a number of occasions in his work to the relationship between population density and outbreaks of hookworm disease (1926b, 1926c, 1929) , he never developed this insight; most probably because he did not appreciate how radically the capitalist forms of development were transforming the working and living conditions of vast swathes of the world's population at the turn of the twentieth century (cf. Palmer 2009 Palmer , 2010 . In the case of industrial mining, while this industry radically transformed the lives of Europe's rural population and the many who emigrated to North America and ending up working there as miners too, the relationship between population density and outbreaks of hookworm disease primarily affected underground miners and only became an issue in mines that were deep, and warm and moist enough, to allow the parasite to propagate. Whereas in the case of plantation agriculture, it would seem that the dense population that the parasite requires to proliferate, and in turn to constitute a public health problem, primarily affected former slave or immigrant populations that were housed on or settled in close priximity to agricultural estates in former British colonies and other plantation societies in the Americas.
It is interesting to compare Cort and Chandler's surveys of hookworm infection rates amongst plantation laboring populations in India and the Caribbean at the turn of the twentieth century with more recent surveys in these areas. In India, for example, there does not appear to have been a noticeable decrease in hookworm infection rates with surveys indicating that laboring populations in the tea plantation areas of Assam and Bangladesh are still at high risk of infection (Gilgen et al. 2001; Traub et al. 2004) . In fact, Traub et al. state that they are sceptical of the benefits of administering anthelmintic drug treatments due to the likelihood of reinfection, pointing out that defecation outdoors remains common and many laborers prefer to ________________________________________________________________________________ 25 Neither Cort nor Chandler conducted detailed surveys of defecations habits in the fields where the plantation laboring populations worked. But Cort (1941: 311) persuasively argues that risk of exposure to hookworm infection would be less great in the fields because of lack of sufficient faecal concentration comparable to that found in close proximity to where laborers resided and defecated more regularly. 26 This is in fact what a series of sanitary reports commissioned by the British colonial authorities in the Indian Ocean island of Mauritius confirm (Balfour 1922) . The expert commissioned to write the reports, Andrew Balfour, underlines the threat that sugarcane fields lying in close proximity to villages and urban conglomerations posed to public health because of the propensity of the local population to use these areas as defecation sites. The threat to public health Balfour was referring to was hookworm disease, which a representative of the Rockefeller Foundation had documented was of epidemic proportions in Mauritius after conducting an investigation in 1920. 27 I am not trying to absolve colonial officials and plantation owners of their legal and moral responsibilities as custodians of their workforces (cf. Couacaud 2011). Rather, the point I am seeking to underline is that it is inappropriate to level the blame squarely on the shoulders of colonial officials and plantation owners as there were other factors involved in the spread of hookworm disease beyond their control. 28 It is conditions similar to these that are said to have resulted in disease outbreaks in urban parts of Great Britain during the Industrial Revolution due to "a geographically more intensive demand for labour than had hitherto existed" and which subsequently led to calls for major reforms in public health engineering (Szreter 1988: 18-20) . go barefoot. 29 In the Caribbean on the other hand, there has been a noticeable improvement, with across the board decreases in hookworm infection rates for most countries surveyed, according to Tikasingh et al. (2011) . With the exception of Belize, all the countries surveyed recorded notable decreases in infection rates that the authors put down to the hookworm control programs and sanitary reforms initiated by the Rockefeller Foundation at the beginning of the twentieth century. The authors also point to continuing efforts by commonwealth governments to institute public health reforms and improvements in the economic conditions of the region's population as reflected in "improved water supplies, modern privies, [and] wearing of shoes even by farmers were also partly responsible for the reductions of infection " (2011: 30) . 30 The contrasting fortunes of these laboring populations not only illustrates my earlier point that growing urban development offers a more reliable way of measuring the likelihood of the decreasing incidence of hookworm infection. Laborer fortunes also illustrate that the kind of changes required to combat hookworm disease take time, and no single measure will be effective by itself.
Indigenous settlements in Australia
The forced settlement of indigenous peoples in Australia and the subsequent outbreaks of hookworm infection that were documented amongst these populations at the turn of the twentieth century brings us to the final example of the relationship between hookworm disease and economic development. In contrast to industrial mining and plantation agriculture, however, the relationship between population density and hookworm disease is even more explicit in the case of indigenous Australians who were forced to (or in some cases voluntarily) settled on reserves and stations as no labor-intensive industries were directly involved in this process. In fact, the mere act of imposing restrictions on the movements of what had previously been a highly mobile hunter-gathering population and confining them to small, densely populated settlements while failing to meet the sanitary needs of such a compact population was usually enough to expose indigenous Australians living in these settlements to high risk of infection from hookworm disease. Nevertheless, it is evident that these developments were the indirect result of economic initiatives undertaken by Australian governments to requisition land for the benefit of sheep and cattle farmers and capitalist industries and had the effect of transforming a formerly nomadic peoples into a sedentary population over a relatively short period of time. As I will show, there are striking parallels between the living conditions characterizing indigenous settlements in Australia at the turn of the twentieth century and the conditions one is likely to find in refugee camps in developing countries today, alerting us to the potential risk from hookworm infection that these populations can be exposed to at times of crisis especially in tropical or subtropical parts of the world where footwear and access to piped water and sanitation remain uncommon.
Like so many other parts of the world during this era, a hookworm control campaign was launched in Australia in the 1920s with the support of the Rockefeller Foundation. Based on a comparison of racial categories in use at the time, the report concluded that indigenous peoples confined to settlements suffered from the highest rates of hookworm infection, followed by Pacific Islanders and southern European immigrants living in plantation areas, with the lowest rates of infection amongst the white Australian population. However, earlier surveys carried out in Irian Jaya and Papua New Guinea determined that plantation workers suffered from higher rates of infection than village populations, and that white miners in some Queensland shires suffered from comparable rates of infection to indigenous peoples living in settlements in Australia, thus undermining attempts to establish a link between suspectibility to hookworm infection and race. But that did not prevent the authors of the report from viewing indigenous Australians and southern European immigrants as reservoirs of infection and sources of danger to the "white [Australian] race", ultimately reducing the problem to their "lax sanitary habits" rather than adequately investigating the extent to which provisions had been made for the sanitary needs of these populations (Sweet 1924: 8, 36 ). The report also indicates that no sources of hookworm infection were found in the cooler southern states of ________________________________________________________________________________ 29 Traub et al. (2004: 696-699) point out that despite the fact that 80.2% of the surveyed population had access to functional indoor toilets only 65.2% used them. The authors suggest this was due to a range of factors including a reluctance to shed traditional defecation habits, malfunctioning septic tanks, and lack of access to running water (cf. Bhowmik 2002: 152-156) . 30 The situation in the Indian Ocean island of Mauritius shares many similarities with those described in the Caribbean (cf. Mohith et al. 2011; Couacaud 2011 (Sweet 1924: 36) , it does not provide us with reliable estimates of the severity of infection because egg counting methods were not used and they only sought to calculate the percentage or incidence of infection.
It is also difficult to get a sense of what conditions were like on these settlements as the Australian Hookworm Campaign focused for the most part on assessing the state of sanitation amongst the majority white population. However, a more detailed survey of indigenous settlements in the Cape York Peninsula was conducted between 1920-1922 as part of the Campaign and underlines that no provisions had been made for the sanitary needs of these populations. Upon comparing conditions in these setttlements, the authors of the report point out that stations "showed no sanitary arrangements of any sort", while the reserves barely fared much better, having at most one earth closet and no provisions for their indigenous populations (Murray and Metcalfe 1922: 11) . Apparently the hookworm infection rate amongst indigenous populations living on the reserves was 60.8%, while the stations had an infection rate of 81%; according to the authors of the report, in one of the missions they surveyed cases of "grass-itch" were documented which they suggested "resembles the "ground-itch" of hookworm disease" (Murray and Metcalfe 1922: 4) . Further information on what conditions were like in indigenous settlements that were exposed to hookworm infection at the turn of the twentieth century can be gleaned from Settlement: a history of Australian Indigenous housing (Read 2000) . Drawing upon government reports as well as the oral testimony of indigenous peoples who grew up on these settlements, several of the contributors to Settlement highlight that indigenous settlements located in Australia's warmer states and territories at this point in time were characterized by sub-standard housing, over-crowded living conditions, and lack of access to adequate sanitation (Briscoe 2000; Rowse 2000; Wells 2000) .
While there has been a general improvement in indigenous housing in Australia, studies show that living conditions still leave much to be desired in remote settlements (Long 2000; Pholeros et al. 2000) . It should not surprise us to learn, therefore, that a relatively recent review of the literature on hookworm infection in Australia found it continues to affect only indigenous communities (Provic and Luke 1995) .
However, perhaps what is surprising is that even though it is now common knowledge that over-crowding and poor sanitation plagued indigenous settlements in Australia for much of the twentieth century (Booth and Carroll 2005; Long et al. 2007) , parasitologists and social scientists who have researched these communities and seem to be aware of the relationship between population density and suspectibility to hookworm infection continue to talk past each other. For instance, as the editor of Settlement points out it was the "gathering together large numbers of people culturally accustomed to living in small groups" that was the cause of the outbreak of hookworm disease in indigenous settlements at the turn of the twentieth century (Read 2000: 38) . Similarly, in their recent review of the literature on hookworm infection in Australia, Provic and Luke (1995: 154) suggest that: "The more recent confinement of Aboriginals in crowded, insanitary reserves stimulated the proliferation of endemic parasites, including perhaps hookworms". Yet if we compare more recent parasitological surveys of a remote indigenous settlement in north Western Australia (Hopkins et al. 1997; Reynoldson 1997 Reynoldson , 1998 , it would appear the researchers remain unaware of the relationship between population density and suspectibility to hookworm infection. This is in spite of the fact that Reynoldson et al. (1998: 35) established a positive correlation between household size and the intensity of hookworm infection in their study -though without indicating if was a product of over-crowding or describing what sanitary conditions were like in this indigenous community.
32
________________________________________________________________________________ 31 The Australian Hookworm Campaign report does not say anything about rates of hookworm infection amongst the non-settled indigenous population in Australia. But Provic and Luke (1995:152) cite one study conducted in 1928 in the Northern Territory indicating that the disease was "rare among Aborigines who did not come in contact with whites". 32 For other studies that have established a positive correlation between household size and increased suspectibility to hookworm infection see Chongsuvivatwong et al. (1996) , Olsen et al. (2001) , Traub et al. (2004) , Saathoff et al. (2005) , and Pullan et al. (2010) . For a study that problematizes and did not establish a positive correlation between population density and suspectibility to hookworm infection, see Koroma et al. (2010) .
Refugee camps
These findings have important ramifications for the study of infectious diseases in refugee camps. Faced with the sudden and rapid increase in numbers that refugee camps have to contend with as a result of man-made or natural disasters, it often proves difficult for aid workers to meet the sanitary needs of these large populations, and as has so often proven to be the case in the past, it does not take long before infectious diseases spread amongst these displaced populations (Toole and Waldman 1988) . This lesson appears to have been learned, and most not-for-profit public health organizations now circulate manuals explaining to aid workers how to prevent disease outbreaks in refugee camps by installing waste disposal systems and ensuring access to public latrines. But the connection between the increased likelihood of exposure to hookworm infection and the conditions one typically finds in refugee camps appears to be less well recognized, with relatively little research being done in this area, according to Beyrer et al. (2011: 5) . Beyrer et al. further underline that displaced persons make ideal targets for intestinal parasites in view of the perfect environment created for transmission by the crowded and unsanitary conditions that refugee camps tend to promote, and warn of increased susceptibility to infection among what are often malnourished populations.
It is also important to note that in contrast to the history of indigenous settlements, refugee camps are normally envisioned as temporary solutions and hence the possibility of being exposed to severe cases of hookworm "infestation" is not as great as in indigenous settlements where the population is likely to consist of more heavily infested individuals. 33 Yet as so often happens in conflict situations, it often becomes difficult to repatriate refugees to their original homelands, and thus in those situations where displaced persons are forced to settle indefinitely in refugee camps, exposure to hookworm infection and transmission between heavily and lightly infested individuals are likely to increase.
Discussion and conclusion
The main hypothesis I put forward for consideration in this article is that the outbreaks of hookworm disease that were documented in different parts of the world at the turn of the twentieth century were a result of changes promoted by capitalist development. In order to establish the criteria for evaluating this claim, I made a point of distinguishing the former outbreaks from the human-manure-farming induced cases of hookworm disease documented in China in the first half of the twentieth century. Although the evidence seems less convincing when it comes to the postulated relationship between sweet potato cultivation and the spread of hookworm disease, in the case of seri-culture it does appear to be the case that it, and the use of human manure as a fertilizer, is a centuries-old tradition. As such, the postulated relationship between human-manure-farming and the spread of hookworm disease in China is not likely to be as recent as the outbreaks documented in other parts of the world at the turn of the twentieth century and which were associated with the expansion of labor-intensive capitalist forms of development. Also, the fact that transmission of infection is primarily affected through the use of human manure as a fertilizer, rather than risk of exposure to infection as a result of soil pollution and inadequate sanitary conditions (as was the case in industrial mining and plantation agriculture), points to the importance of the relationship between population density and outbreaks of hookworm disease. As a number of earlier parasitological studies underline (Cort et al. 1926; Chandler 1929; Chang et al. 1949) , in the case of human-manure-farming, transmission of infection is not the result of soil pollution, but primarily stems from the collection and use of human manure as a fertilizer; while evolutionary anthropologists underline that problems with disposal of human waste as a result of the transition from a mobile hunter-gathering to a sedentary agricultural and industrial lifestyle have had important consequences for the spread of infectious diseases among densely populated human settlements.
However, that does not mean that any form of capitalist development will promote the spread of hookworm disease, and we should also be careful not to make the mistake of assuming that a strict ________________________________________________________________________________ 33 According to Chandler (1929: 232-233) , the term infestation refers to the fact that unlike bacterial and protozoal infections, hookworms do not multiply in the body of the host but rather the rate of acquisition of worms depends on contact with polluted soil. Hence the more heavily polluted the soil is, the greater the chance of the presence of infective larvae, and the more likely an individual will be infected with hookworms, especially if they repeatedly visit the same defecation sites.
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Vol.21, 2014 365 correlation can be made between population density and outbreaks of the disease. As Chandler (1929) points out, not all types of plantation agriculture provide favorable conditions for the propagation of infective larvae, with variables such as climate, soil and moisture all playing important roles; 34 in addition, we must pay attention to the specific type of working conditions or settlement patterns promoted by the relevant industry to determine its possible relationship to the spread of hookworm disease. For instance, mobile working populations employed in the construction of railroads or slaves employed in clearing forests for plantations on the frontiers of capitalist development (Palmer 2009: 678-679) , are less likely to be exposed to risk of infection from hookworm larvae than sedentary working populations for the reasons set out in Chandler and Cort's surveys (Chandler 1925 (Chandler , 1926b (Chandler , 1929 Cort and Payne 1922a; Cort et al. 1923a Cort et al. , 1923c Cort et al. , 1923d Cort 1925) . 35 Their surveys demonstrate that repeatedly visiting the same defecation site increases the likelihood of exposure to hookworm infection, as it is in these areas that one is more likely to find a greater degree of soil pollution and soil infestation. This, in turn, explains why industrial miners in Britain and North America, and plantation laborers in India and the Caribbean, were so susceptible to infection from hookworm larvae as they worked or had settled in a given locality for an extended period of time where they also happened to defecate. And this is also the reason why to begin with displaced populations in refugee camps will be at less risk, but over time could become just as vulnerable as the indigenous populations who were forcibly settled onto reserves and stations in Australia at the turn of the twentieth century demonstrate.
Thus in view of the fact that hookworm disease is unlikely to proliferate unless there is a sufficiently large or densely concentrated population to facilitate its transmission, it is also unlikely that human history has witnessed hookworm epidemics on a comparable scale to those that were documented at the turn of the twentieth century. Nor are we likely to witness outbreaks of the same order of magnitude in the future, due in part to advances in preventive medical intervention and because the mass labor migration involved with the expansion of industrial mining and plantation agriculture on rural frontiers in the nineteenth and early twentieth century is unlikely to be repeated on a similar scale again. A possible exception to what I am proposing might be provided by irrigation agriculture, which has not only been shown to be related to the spread of hookworm infection (Chandler 1929; Pawlowski et al. 1991; cf. Palmer 2010: 28) , but also has an ancient pedigree in a number of civilizations and could have caused epidemics of a comparable scale to those associated with industrial mining and plantation agriculture. And in fact, one study by an archaeoparasitologist (Keita 2003) claims to have found tentative evidence of hookworm disease in ancient Egypt at a point in time when irrigation agriculture (or basin irrigation) was already flourishing. However, detailed parasitological surveys by James Scott (1937a Scott ( , 1937b appear to problematize the possibility that this would have been the result of an epidemic, as the surveys he conducted in the 1930s demonstrate that in the case of Egypt, irrigation agriculture (be it basin or perennial) was not responsible for producing high infection rates or a hookworm epidemic. According to Scott, this is due to the fact that in the Egyptian villages he surveyed, the inhabitants rarely defecated in the fields, and the soil where they did regularly defecate closer to the villages was too compact and dry for the successful propagation of hookworm larvae.
36
The other hypothesis I put forward for consideration in this article is the claim that the decreasing incidence of hookworm infection can serve as a useful measure of urban development. In contrast to Hotez (2002) , I suggested that it is not "economic development" per se that has been responsible for the eradication ________________________________________________________________________________ 34 For more recent parasitological studies that have documented outbreaks of hookworm disease among banana plantation labourers in Zimbabwe and rubber plantation labourers in Indonesia, see Chandiwana (1991) and Basta et al. (1979) respectively. 35 Steven Palmer is one of the few historians to have recognized the relationship between population density and the outbreaks of hookworm disease that were being documented in different parts of the world at the turn of the twentieth century. Palmer also connects these developments to the expansion of capitalist forms of development and the requisite demand of these industries for cheap and plentiful supplies of labor. What is problematic about Palmer's reasoning, however, is his claim that these developments were primarily a result of the ecological transformations wrought by capitalist forms of development and his failure to consult contemperanous parasitological studies carried out in these localities. This is reflected in his somewhat naive claim that Caribbean plantation laborers were "defecating "ad lib" in the moist soils of the sugar, rice, and cocoa plantations in the course of their work" (Palmer 2009:703) . As Cort et al.'s surveys illustrate, plantation laborers and their families did not defecate wherever they saw fit as the term ad lib implies, but chose specific places and usually for the privacy these places afforded, and indeed it is also for this reason that they were more likely to be exposed to sources of hookworm infection.
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Vol.21, 2014 366 of hookworm disease from a number of industrialized societies, but urban development in particular. One could for instance seek to determine if a correlation can be established between the decreasing incidence of hookworm infection and economic growth as Hotez has done for China; however, I imagine that the decreasing incidence of hookworm infection can more accurately be gauged by noting the presence or absence of a number of key urban indices as I sought to demonstrate in this article. Determining if shoes are regularly worn, if homes have wooden or concrete flooring as opposed to earthen floors, and if toilets are connected to waste disposal systems, 37 not only provides a more reliable way of ascertaining if hookworm infection rates are likely to decline but also of gauging the level of urban development that has taken place in a given locality. The merit of this approach was clearly brought out when I compared the fortunes of plantation laboring populations in India and the Caribbean and showed that hookworm infection rates have declined in most Caribbean countries since the turn of the twentieth century. The same cannot be said for tea plantation laborers in northeast India, where infection rates have not noticeably decreased and many laborers do not regularly wear shoes or have access to piped water and latrines connected to waste disposal systems. Similarly, it was noted that one of the reasons why hookworm infection rates have not appreciably declined in some remote indigenous communities in Australia is because these settlements remain undeveloped and lack the basic kind of services and urban amenities that most other Australians have access to.
